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Introduction {#sec001}
============

Rural areas in developing countries are often prone to poverty \[[@pone.0209166.ref001]--[@pone.0209166.ref003]\]. Rural poverty results mainly from low potential for agriculture, poor infrastructure, weak market institutions and political isolation \[[@pone.0209166.ref004]\]. These factors are associated with remoteness and weak integration into markets leading to limited market access and low income from farm produce \[[@pone.0209166.ref004]--[@pone.0209166.ref006]\]. Limited access to markets is thus one of the core determinants of rural poverty.

Market creation and infrastructure development in rural areas have been encouraged based on the consideration that these measures can mitigate rural isolation, create channels for income generation, and expand people's access to services \[[@pone.0209166.ref004],[@pone.0209166.ref005],[@pone.0209166.ref007]--[@pone.0209166.ref010]\]. Improved access to agricultural markets can play an important role in rural development as it integrates rural areas into urban markets, and creates new trade routes and commodity chains \[[@pone.0209166.ref007]\]. Improved accessibility enables flows of goods, people, resources and information \[[@pone.0209166.ref011]\]. Integrated markets are markets in which the prices of commensurable goods do not behave independently \[[@pone.0209166.ref012]\] which leads to the unimpeded flow of commodities, low price fluctuation and better access to the products \[[@pone.0209166.ref013]\]. Greater competition in integrated markets drives down consumer price, making goods affordable and thus increasing the access of households to markets. Better access to integrated markets stimulates demand and increases trading opportunities \[[@pone.0209166.ref013]\]. Improvement of market accessibility is also expected to diversify economic activities and increase incomes for people in rural areas \[[@pone.0209166.ref004],[@pone.0209166.ref013]\] where traditional subsistence production systems are considered vulnerable, less diverse, and typically generating only low income \[[@pone.0209166.ref006],[@pone.0209166.ref009]\]. Traditional cultivation systems are, moreover, vulnerable to natural disasters \[[@pone.0209166.ref013]\]. Improved market integration can reduce these risks and even contribute to conservation by lowering dependency on natural resources \[[@pone.0209166.ref014]\].

Market accessibility improvement and better market integration have brought about in many developing countries rural agrarian change from subsistence to market-oriented systems \[[@pone.0209166.ref010],[@pone.0209166.ref015]--[@pone.0209166.ref018]\]. Improvements in access to capital and services such as credit, technology, agricultural inputs, information and irrigation, often occur alongside improved market access, and facilitate local peoples' entrance into cash crop cultivation or other commercial occupations \[[@pone.0209166.ref006],[@pone.0209166.ref013],[@pone.0209166.ref019]\]. Drivers of agrarian change related to market accessibility improvement also include an increase of demand for specific crops, infrastructure development and government policies supporting agricultural commercialization. While demand for agricultural crops was in the past mainly driven by domestic markets, cross-border demand has become more important as a result of globalization: the emphasis on the expansion of the home market that prevailed during the mid-twentieth century has been largely, but not completely, replaced by an emphasis on the promotion of an agricultural export-led strategy \[[@pone.0209166.ref020]\].

The shift of an agrarian system towards market-orientation is usually coupled with a shift to intensive cash crop production, and often monoculture production. Annual cash crops are cultivated intensively with the use of machines, chemical fertilizer, hybrid seeds and other farming technologies to increase productivity and sell products in large quantities \[[@pone.0209166.ref010],[@pone.0209166.ref021],[@pone.0209166.ref022]\]. Crops that are demanded by markets replace traditional crops that are mainly grown for household consumption. The boom of cash crop intensification can be seen, for example, in the rise of rice intensification in lowland Southeast Asia \[[@pone.0209166.ref021]\], maize and sugar cane in Laos \[[@pone.0209166.ref023]\], maize and cassava in Vietnam \[[@pone.0209166.ref010]\], maize in Tanzania \[[@pone.0209166.ref024]\], and maize and tobacco in Malawi \[[@pone.0209166.ref025]\]. Besides annual crops, perennial trees such as rubber and eucalyptus are also grown for commercial purposes as is the case in Southeast Asia \[[@pone.0209166.ref021],[@pone.0209166.ref026]\] and India \[[@pone.0209166.ref027]\]. Commercialization also often leads to specialization in a small number of marketable cash crops usually grown in monocultures \[[@pone.0209166.ref005],[@pone.0209166.ref021],[@pone.0209166.ref023],[@pone.0209166.ref028]--[@pone.0209166.ref033]\]. The tendency towards mono-cropping is reinforced by contract farming and concessions which compel farmers to grow only contracted crops \[[@pone.0209166.ref030],[@pone.0209166.ref034]\].

Intensification of agricultural systems often results in better productivity and higher income for local farmers \[[@pone.0209166.ref033]--[@pone.0209166.ref035]\] as has been shown by studies in Thailand \[[@pone.0209166.ref036]\], Vietnam \[[@pone.0209166.ref010]\], Philippines \[[@pone.0209166.ref037]\], India \[[@pone.0209166.ref028]\], Malawi \[[@pone.0209166.ref025]\], Nigeria \[[@pone.0209166.ref017]\] and Guatemala \[[@pone.0209166.ref038]\].

However, agrarian change as a consequence of export-oriented production of cash crops also raises the concern of potentially negative impacts on basic wellbeing. Borras \[[@pone.0209166.ref039]\] cautioned that "...while there had been dramatic increases of cross-border agricultural trade in the last few decades, the impacts in terms of food security, household incomes and inequality have been varied and uneven". A major concern is food security, as cash crops replace subsistence staple crops, resulting in a decline in food production for household consumption \[[@pone.0209166.ref029]\]. Studies of contract farming in Africa and Asia reaffirm that decreasing food availability can be an issue \[[@pone.0209166.ref010],[@pone.0209166.ref034]\]. Many farmers who for various reasons are not able to adjust their practice along the agrarian change trajectory towards intensification, sometimes lose their land to agribusiness or face other problems of access to land for food production, and thus encounter food insecurity \[[@pone.0209166.ref040]\].

The study of food security has expanded beyond the immediate concern of rice or other staple crop sufficiency to include nutritional status \[[@pone.0209166.ref041]\]. In this context, diversity in the rural agricultural landscape is regarded as a prerequisite for supporting a diverse and healthy diet \[[@pone.0209166.ref040]\]. Agrarian change towards commercialization in the form of large-scale establishment of plantations of only one or a few cash crops can, therefore, not only reduce the quantity of food produced, creating a risk of food insecurity, but can also negatively impact the diversity of food and the quality of nutrition \[[@pone.0209166.ref042],[@pone.0209166.ref043]\]. Although we are aware of the importance of nutrition, we limit ourselves to rice sufficiency as the main indicator for basic wellbeing as we are lacking data on nutritional status. Although income from selling cash crops is supposed to be high enough to buy food from the markets as a substitute for food no longer produced on the farm, cash crop specialization, as found in many studies, can be susceptible to income loss from crop failure, price fluctuation, inefficient market institutions and exploitation by buyers \[[@pone.0209166.ref029],[@pone.0209166.ref030],[@pone.0209166.ref034],[@pone.0209166.ref038],[@pone.0209166.ref044],[@pone.0209166.ref045]\], thus reducing the purchasing power of farmers. In addition, food security is also affected by market accessibility. While better access to food markets can increase food security \[[@pone.0209166.ref046]\], some cases such as in Mozambique \[[@pone.0209166.ref046]\] and Tanzania \[[@pone.0209166.ref047]\] reveal that the negative effects of increasing food prices can counteract the benefits of better market accessibility and affect the basic wellbeing of rural dwellers.

Wellbeing is composed of several dimensions--material wellbeing, bodily wellbeing, social wellbeing, security and freedom of choice and action \[[@pone.0209166.ref001]\]. Basic wellbeing is mainly assessed through material assets and the availability of public services \[[@pone.0209166.ref048],[@pone.0209166.ref049]\]. Income and the satisfaction of food and other basic needs are often used as indicators of basic wellbeing. The dimensions of social wellbeing such as freedom are not often used as major measures of wellbeing, particularly at aggregate levels, mainly because they are difficult to measure but also because of their unclear link with material welfare \[[@pone.0209166.ref002],[@pone.0209166.ref003]\]. Wellbeing in this study thus is defined as basic wellbeing determined through income and rice sufficiency.

This study investigates agricultural practice and farmers' wellbeing, focusing on income and rice sufficiency in the context of agrarian change towards commercialization. The study site is Xayaburi province in northern Laos where agrarian change is stimulated by cross-border trade with Thailand. The study site is characterized by a gradient of lower market accessibility in the north to higher accessibility in the south. The objectives of the study are (1) to analyze the processes of change in agricultural practice and basic wellbeing in a context of improved market accessibility, and (2) to investigate the factors that determine the balance between income generation and rice sufficiency as a means to improve basic wellbeing for the long-term.

Methods {#sec002}
=======

This study applied two approaches: the meso-scale approach and the actor-oriented approach. The meso-scale approach was used to analyze the complex interactions between market access, agricultural practice and basic wellbeing. There is a challenge of disconnect between the large scale or regional scale which permits the analysis of quantitative data and statistics, and the local scale for which information is generated through case studies \[[@pone.0209166.ref050]\]. A study on the regional level alone, though able to detect changes more accurately, may not be able to fully identify the processes or causes of change. On the other hand, local contexts alone cannot provide the larger picture of regional dynamics of natural resource use and change. The meso-scale approach has therefore been developed to generate and synthesize knowledge at an intermediate level between the regional level and the local level. It has the advantage of linking generalizations at a higher level with the heterogeneity of different development contexts at the local level \[[@pone.0209166.ref051]\].

The study also employed the actor-oriented approach, focusing on local farmers This approach helps to understand how regional markets influence farmers' decision-making in agricultural land use, and thus provides a link between the regional and the local level \[[@pone.0209166.ref052]\].

We collected data about market accessibility, agricultural practice, and basic wellbeing in the study area. Although we are aware of the importance of other aspects of wellbeing as stated in the introduction, the study regarded income and rice sufficiency as main indicators of wellbeing which is in line with income and food security being the most widely used indicators to determine livelihood or poverty standards \[[@pone.0209166.ref004],[@pone.0209166.ref007],[@pone.0209166.ref009]\]. Another reason for selecting income and rice sufficiency as indicators of basic wellbeing was data availability. Rice sufficiency in this study is defined as the ability to access rice for consumption to meet, at least, the standard of the Lao National rice security, which is 184 kg / person / year (according to Paklai DPI poverty report 2005). Rice sufficiency was determined by rice production and by households' strategies to access rice such as the retention degree of produced rice or the spending for buying rice. Crop composition and areas covered by specific crops are primarily indicators for agricultural practice. Accessibility to agricultural markets of a district was determined by proximity to markets, distribution of markets, road conditions, value of agricultural products for export, farmers' incomes from agricultural products, prices of agricultural products and percentage of cash crop farmers.

The data was investigated at both the regional (district) and local (household) level using both quantitative and qualitative analyses. The data at the district level was analyzed to assess and compare the degree of market accessibility, agricultural practice and basic wellbeing between locations at the district level. Data at the village level was collected to support the analysis of the regional level. The data at the household level was analyzed to assess the effects of market accessibility on household agricultural practice and basic wellbeing. The data from both levels was then synthesized for an understanding of the impacts of access to markets on farmers' land use and basic wellbeing across the whole study area. This involved the integration of regional and local data to explain the changes in agricultural practice and basic wellbeing driven by market integration via both quantitative and qualitative evidence derived from local actors such as farmers.

Data on market, agriculture and basic wellbeing at the district and village level was mostly secondary data collected from various sources, particularly district government reports and records from the District office of Planning and Investment (DPI), District of Agriculture and Forestry (DAFO) and District Office of Industry and Commerce (DOIC). The names of secondary data sets and of the exact sources are provided in [S1 File](#pone.0209166.s001){ref-type="supplementary-material"}. Data was then entered into a specifically created database to be used for spatial and statistical analysis.

Data at the household level was collected through a household survey from 15 sample villages. The villages were selected according to the following criteria; distance to towns, to major and minor border crossings, to the Mekong River, and to the main road; geographical distribution of villages; elevation and landform. Location and characteristics of these sample villages are provided in [S6 File](#pone.0209166.s006){ref-type="supplementary-material"}.

In each sample village, around 8 households were selected through stratified random sampling according to wealth classes (rich, medium and poor). In general, 2 rich, 4 medium and 2 poor households were selected per village. The wealth status of a household was determined by physical assets such as house, livestock, vehicle and income according to information obtained from village authorities and through researcher observation. Wealth classes were found to vary from village to village in the sense that, for example, a medium household in a rich village could be richer than a rich household in a poor village.

The total household samples are 121 households from 15 sample villages. As we focused on the differences in market access, land use activities and basic wellbeing between rich, medium and poor households, and not between villages, the sample size can be considered adequate.

Household data, both quantitative and qualitative, were collected through semi-structured interviews during the period from November 2011 to May 2012. Interviewees were asked to discuss their production and the sale of their produces, socio-economic status, problems about the agricultural activities, opinions about crop market in the future, changing livelihoods and market behavior as well as livelihood strategy face-to-face with the researcher. The household interview form is in the [S2 File](#pone.0209166.s002){ref-type="supplementary-material"}. The interviewees were informed by the researcher that their personal data would not be revealed and that the data would be analyzed anonymously. A written informed consent was not obtained. Conducting interviews was approved by the Centre of Development and Environment (CDE), University of Bern and by the Ministry of Agriculture and Forestry (MAF) of the Lao Government without the requirement for Ethics Approval as the Helsinki declaration does not apply to our research on land use and wellbeing. Moreover, the data was anonymized and it is not possible to track the information back to single specific households.

Data was also collected through physical surveys and village key informant interviews. GIS was the main tool for spatial analysis.

The data from both district and household level are presented in tables and explained in the results section. For reasons that will become apparent later in this paper, this study differentiates between the north and the south of the study area in terms of the impact of agrarian change. The northern part of the study area comprises 3 districts, namely Xayaburi, Xaysathan and Phiang, while the southern part comprises 4 districts, namely Paklai, Thongmixai, Kentao and Boten. The tables at regional level (i.e. Tables [1](#pone.0209166.t001){ref-type="table"},[2](#pone.0209166.t002){ref-type="table"} and [4](#pone.0209166.t004){ref-type="table"}) are presented by district, whereas the tables at the local level (i.e. Tables [3](#pone.0209166.t003){ref-type="table"} and [5](#pone.0209166.t005){ref-type="table"}) are divided by north and south. Of the sample households from 15 sample villages, 65 households in 8 villages are located in the south and 56 households of 7 villages are from the north.

10.1371/journal.pone.0209166.t001

###### Comparison of accessibility to agricultural markets at the district level.

![](pone.0209166.t001){#pone.0209166.t001g}

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Districts\       Percentage of villages that can be accessed by car   Number of trading companies [\*](#t001fn002){ref-type="table-fn"}   Number of marketplaces [\*\*](#t001fn003){ref-type="table-fn"}   Value of export crop products from trading companies\   Average income from cash crops per household\   Percentage of cash crop farmers\          Average farm gate price of maize\
                                                                                                                                                                                                             (million THB)                                           (THB/year)                                      [\*\*](#t001fn003){ref-type="table-fn"}   (THB/kg)
  ---------------- ---------------------------------------------------- ------------------------------------------------------------------- ---------------------------------------------------------------- ------------------------------------------------------- ----------------------------------------------- ----------------------------------------- -----------------------------------
  Xayaburi (n)     76                                                   41                                                                  6                                                                144                                                     9,211                                           54                                        3.8

  Xaysathan (n)    6                                                    0                                                                   0                                                                0                                                       614                                             66                                        n/a

  Phiang (n)       98                                                   10                                                                  11                                                               34                                                      10,564                                          78                                        4.2

  Paklai (s)       87                                                   52                                                                  15                                                               536                                                     55,690                                          84                                        5.0

  Thongmixai (s)   100                                                  22                                                                  1                                                                26                                                      34,352                                          92                                        5.0

  Kentao (s)       100                                                  42                                                                  8                                                                799                                                     62,542                                          93                                        6.0

  Boten (s)        100                                                  17                                                                  7                                                                24                                                      21,023                                          86                                        5.0
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Sources:** researcher's survey (2011--2012) and

\* DOICs (2011)

\*\* DPI (2008)

**Note:** (n) indicates districts in the north, (s) indicates districts in the south

10.1371/journal.pone.0209166.t002

###### Agricultural land use at the district level.

![](pone.0209166.t002){#pone.0209166.t002g}

  -----------------------------------------------------------------------------------------------------------------------------------------
  Districts\       Agri. area\   Cash crop area\   Percentage of cash crop area\   Avg. crop area per hh.\   Avg. paddy area per hh. (ha)
                   (ha)          (ha)              (%)                             (ha)                      
  ---------------- ------------- ----------------- ------------------------------- ------------------------- ------------------------------
  Xayaburi (n)     14,424        5,499             39                              0.78                      0.32

  Xaysathan (n)    1,657         51                3                               0.86                      0.02

  Phiang (n)       11,154        4,213             38                              0.66                      0.52

  Paklai (s)       33,182        25,300            76                              2.05                      0.44

  Thongmixai (s)   4,128         2,758             67                              1.51                      0.68

  Kentao (s)       25,584        18,949            74                              2.48                      0.56

  Boten (s)        8,393         3,767             45                              1.17                      0.79

  **Region**       **98,322**    **60,537**        **62**                          **1.42**                  **0.46**
  -----------------------------------------------------------------------------------------------------------------------------------------

**Source:** DPIs (2008)

**Note:** (n) indicates districts in the north, (s) indicates districts in the south

10.1371/journal.pone.0209166.t003

###### Agricultural land use at the household level.

![](pone.0209166.t003){#pone.0209166.t003g}

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Region                 No. of samples   Avg. agri. area\   Avg. cash crop area\   Avg. paddy area\   Avg. upland rice area\   Percentage of cash crop area   Percentage of food crop area
                                          (ha)               (ha)                   (ha)               (ha)                                                    
  ---------------------- ---------------- ------------------ ---------------------- ------------------ ------------------------ ------------------------------ ------------------------------
  North                  56               2.7 (2.0)          1.7 (1.7)              0.6 (0.8)          0.4 (0.6)                62                             38

  South                  65               4.0 (2.8)          3.2 (2.5)              0.7 (0.6)          0.1 (0.3)                80                             20

  **Regional average**   **121**          **3.4 (2.5)**      **2.5 (2.3)**          **0.7 (0.7)**      **0.2 (0.5)**            **73**                         **27**
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Source:** Researcher's survey (2012)

**Note:** The value of standard deviation is provided in the brackets of each cell

10.1371/journal.pone.0209166.t004

###### Income and rice production at the district level.

![](pone.0209166.t004){#pone.0209166.t004g}

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Districts\             Avg. total income per person\   Avg. income from cash crops per person\   Per. of income from cash crops\   Total rice production\   Rice production per person (kg/year)   Per. of poor hhs.\
                         (THB/year)                      (THB/year)                                (%)                               (tons/year)                                                     (%)
  ---------------------- ------------------------------- ----------------------------------------- --------------------------------- ------------------------ -------------------------------------- --------------------
  Xayaburi (n)           33,064                          9,258                                     28                                20,668                   316                                    6

  Xaysathan (n)          19,960                          7,385                                     37                                2,670                    216                                    17

  Phiang (n)             31,292                          9,075                                     29                                22,883                   440                                    6

  Paklai (s)             38,924                          20,630                                    53                                18,280                   280                                    1

  Thongmixai (s)         30,996                          18,598                                    60                                5,127                    588                                    1

  Kentao (s)             39,824                          19,912                                    50                                16,833                   432                                    0

  Boten (s)              39,868                          16,745                                    42                                8,024                    450                                    1

  **Regional average**   **35,024**                      **14,360**                                **41**                            **94,485**               **362**                                **4**
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Source:** DPIs (2008)

**Note:** (n) indicates districts in the north, (s) indicates districts in the south

10.1371/journal.pone.0209166.t005

###### Income and rice production at the household level.

![](pone.0209166.t005){#pone.0209166.t005g}

  ------------------------------------------------------------------------------------------------------------------------------------
  Region                 Avg. total income\   Avg. income from cash crops\   Per. of income from cash crops\   Avg. rice production\
                         (THB/year)           (THB/year)                     (%)                               (tons/year)
  ---------------------- -------------------- ------------------------------ --------------------------------- -----------------------
  North                  86,000               31,000                         46                                2.7

  South                  116,000              87,000                         76                                2.3

  **Regional average**   **107,000**          **61,000**                     **62**                            **2.5**
  ------------------------------------------------------------------------------------------------------------------------------------

**Source:** Researcher's survey (2012)

Statistical analysis was carried out to examine the correlation between variables of agricultural land use and variables of basic wellbeing. Statistical analysis of the regional level was done per village unit through Pearson's Correlation Coefficient for all 311 villages in the study area while statistical analysis of the local level was done per household unit through Spearman's Correlation Coefficient for all 121 sample households. Cross tabulation between the variables of agricultural area and rice production was also used to analyze the correlation between these variables.

There are limitations to linking the regional and local levels or to comparing the regional with the local level, as data from the 2 levels are from different periods. Data at the regional level is from 2008 while data at the local level is from 2011--2012. The consequences of these limitations for interpretation and analysis are discussed in the results and discussion sections.

Results {#sec003}
=======

The study area: General characteristics and market accessibility {#sec004}
----------------------------------------------------------------

The study area consists of seven districts in the middle and southern parts of Xayaburi province in the northwest of the Lao PDR (see [Fig 1](#pone.0209166.g001){ref-type="fig"}). In the past 10 years, Northern Laos has been a region transitioning towards a market-oriented economy \[[@pone.0209166.ref032]\]. Intensified regional trade with neighboring countries and the implementation of government policies of land allocation and agricultural intensification have driven agricultural transformation from subsistence agriculture to commercial agriculture, integration of markets, and development of the rural non-farming sector \[[@pone.0209166.ref013],[@pone.0209166.ref016],[@pone.0209166.ref018],[@pone.0209166.ref023],[@pone.0209166.ref032]\]. Traditional upland rice shifting cultivation has been largely replaced by commercial agriculture for cash crops such as maize, rubber and paddy rice.

![Location of Xayaburi Province, Lao PDR.\
The figure is based on public domain data from Openstreet map and was produced on QGIS 2.16.](pone.0209166.g001){#pone.0209166.g001}

The seven districts of the study area include Xayaburi, Xaysathan, Phiang, Paklai, Thongmixai, Kentao and Boten. The total area of the study site is approximately 11,385 km^2^. Lower elevation areas are more extensive in the south and are used widely for agriculture while the northwest of the study area is mountainous with steep slopes and an elevation over 800 meters above sea level. Most of the forested area consists of mixed deciduous forests and forest regrowth (known as unstocked forests). While the Luang Prabang Mountain Ridge in the west creates a natural boundary with Thailand, in the east, the Mekong River proves an obstacle to transportation to other provinces. Water resources in this area are abundant with several rivers flowing all year round. The climate of the study area is characterized by two seasons: the wet season from April to October (7 months) and the dry season from November to March (5 months). The average temperature is around 25°C with the average minimum 17°C in January and average maximum 28°C in August. The temperatures are lower in the northern part, especially in Xaysathan district, while the southern part is warmer and more suitable for tropical crops and livestock.

The total population of the study area in 2009 was approximately 260,690 people and 49,601 households. Xayaburi and Paklai support a larger population than the other districts. The most densely populated areas are Xayaburi town in Xayaburi and Meung Mor town in Kentao. The ethnicity in the study area is more diverse in the north, where ethnic Lao constitute around 60% of the total population, while the south is fully dominated by ethnic Lao up to nearly 100%. The study site extends in a north-south direction which is followed by National Highway 4, which is the major transportation channel. The four districts which the road passes through, Xayaburi, Phiang, Paklai and Kentao, are usually regarded, for demographic and economic reasons, as major districts of the study area while the districts that are not touched by this road, including Xaysathan, Thongmixai and Boten, are regarded as minor districts.

Xayaburi town, the provincial capital and the biggest town in the study area, is located in the northernmost part and is connected by road to Luang Prabang City in the north. Urban centers in the south--Paklai town, Kentao town and Meung Mor town---however, are better connected to Thailand which, due to its more highly developed economy, has a strong influence on the economy of Laos as both a source of consumer goods (household utensils, electric appliances, furniture, food ingredients, clothes, etc.) and of demand (for agricultural products such as maize, job's tear, sesame, peanut and tangerine, etc.). Several border crossings to Thailand are located in the south including the major crossing near Kentao town at the southernmost point of the study area which is the major communication and transportation channel of goods between Thailand and Laos. Therefore, the flow of agricultural products from the study area is mainly directed southwards to Thailand. [Fig 2](#pone.0209166.g002){ref-type="fig"} shows the locations of district centers, main roads and border crossings in the study area.

![Locations of district centers, main roads and border crossings in the study area.\
The figure is based on public domain data from Openstreet map and was produced on QGIS 2.16.](pone.0209166.g002){#pone.0209166.g002}

Market accessibility in the study area decreases along a gradient from south to north. [Table 1](#pone.0209166.t001){ref-type="table"} shows the evidence from various indicators of market accessibility. Data on market accessibility shown in [Table 1](#pone.0209166.t001){ref-type="table"} is mainly derived from researcher's survey conducted in 2011--2012 and from government records.

Southern districts have better access to agricultural markets than districts in the north. As Thailand is the major demand source for agricultural products from Xayaburi, the proximity to major border crossings and the better road conditions in the south as well as the prevalence of level terrain contribute to lower transportation costs. Road conditions are generally better in the south and most villages can be reached by ordinary cars (cars without 4-wheel drive). The lower transportation cost results in a higher selling price for maize, the most popular cash crop in Xayaburi.

Agricultural products are collected and exported by trading companies in Laos. The higher number of trading companies and the higher value of export crop products in the southern districts thus reflects the higher level of agricultural market accessibility. Residents in the south are also more integrated into agricultural markets as can be seen from the higher percentage of cash crop farmers and the higher average income from cash crops per household. In addition, there are more marketplaces in the south, and these are more evenly distributed where most sub-districts have a marketplace, than in the north, where marketplaces are located only along the main road.

Expansion of cash crop cultivation {#sec005}
----------------------------------

The government supports agricultural commercialization in various forms such as opening border crossings, infrastructure development, and land use policies. Government policies on land allocation and relocation are aimed at preventing farmers from growing upland rice in shifting cultivation systems by moving them far away from their traditional upland farm areas and collecting a high tax for this practice. Government support along with the increasing demand for agricultural products from Thailand has led to intensified cross-border trade with Thailand and a huge expansion in agricultural areas since the year 2000. The total agricultural area in the study area increased by 300 km^2^, mostly at the cost of unstocked forests and vegetation regrowth within less than a decade (from 2000 to 2008) according to MAF records and the study of land cover dynamics through the satellite image analysis (see [S3 File](#pone.0209166.s003){ref-type="supplementary-material"} for summary results of land use change from satellite image analysis and document analysis). The total agricultural area of the study area in 2008 was around 983 km^2^ or 8.8% of the total land area. Agricultural expansion started in the south in the early 2000s while agricultural areas in the north expanded after 2006.

While agricultural area has increased, the share of traditional food crops such as rice (including paddy and upland rice fields) and market cash crops (maize, job's tear, sesame, peanut, cotton, rubber and cassava) has fluctuated. Although paddy rice can be both a traditional staple and a modern cash crop, this study is limited to regarding rice as a food crop. According to MAF records, the cash crop area in Xayaburi province rose from 9% of the total agricultural area in 1976 to 18% in 2002, and then jumped to 35% in 2005. There was a further jump to 60% in 2010 when maize and other cash crops spread into all districts, eventually surpassing the total rice area. In the 7 districts of the study area, for which data is available since 2006, the cash crop area was 421 km^2^ in 2006 representing 60% of the total agricultural area, then rose to 606 km^2^ (62%) in 2008, and finally to 653 km^2^ (66%) in 2010 (see [S4 File](#pone.0209166.s004){ref-type="supplementary-material"} for statistics on land use and land use change).

The southern districts are shown in [Table 2](#pone.0209166.t002){ref-type="table"} to have a greater share of cash crop area of the total agricultural land than the northern districts. In 2008, cash crop areas constituted about 75% of all agricultural land in the major southern districts of Kentao and Paklai, and 40--70% in southern districts located further away from the road. In the major northern districts, on the other hand, the shares of cash crop area to total agricultural land was around 40%. In Xaysathan, the most remote area in the northwestern part of the study area, it was as low as 3%. The share of cash crop area continued to increase and reached 80% in 2010 in the major southern districts and around 60--65% in the minor southern districts. However, it increased only slightly in the north over the same time period.

The survey in 2012 showed that households in the south use on average 80% of their land for cash crop cultivation while households in the north use only 62% of their land for cash crop cultivation (see [Table 3](#pone.0209166.t003){ref-type="table"}). Taking into consideration that household respondents were divided into 3 wealth classes which differ from each other with respect to land possession, the values of standard deviation (provided in brackets in the table) are quite high. Nevertheless, comparing agricultural land use of each class (which has lower value of standard deviation) provides similar differences between the north and the south as those shown in [Table 3](#pone.0209166.t003){ref-type="table"}.

The data from both district and household levels indicates that the proportion of cash crop area to total agricultural area increases with increasing market accessibility.

Increased market accessibility occurs in parallel with increased availability of traders, marketplaces, commodities and information which create better market opportunities for farmers and allow them to start or increase growing cash crops. The major factors behind the decision of farmers to plant maize on a large scale in Xayaburi, according to the household survey, include market certainty, access to credit and inputs, and the desire of farmers to earn more income.

Market certainty for maize results from the high demand for maize in Thailand and the increased availability of maize traders in the study area. Contract farming for maize also provides a guaranteed market for farmers. Through the contract farming system, farmers can get easier access to credit and other inputs for growing maize such as hybrid seeds, pesticide, plowing and fertilizer. While wealthy farmers invest their own money, the household survey found that 53% of maize farmers receive inputs through the contract farming system.

Farmers' desire for more income is a critical factor in their decision to plant maize rather than upland rice. A comparison between intensive maize cultivation and shifting cultivation with upland rice based on the household survey can help to explain farmers' decisions. The yield of maize can be expected to be as high as 7 tons / ha and expected farm gate price can be 5 THB / kg. Hence, maize can generate an income about 35,000 THB / ha (1,130 USD approximately in 2011). On the other hand, upland rice produced in shifting cultivation system has an average yield of around 2 tons / ha with the expected farm gate price at 15 THB / kg. In the case that a household keeps a ton of rice for their own consumption, farmers can gain only 15,000 THB / ha (470 USD approximately in 2011). Although the investment in maize for plowing, and for purchasing hybrid seed and pesticides amounts to 9,000 THB / ha on average, which reduces profit to 26,000 THB / ha (840 USD approximately in 2011), the cash income from maize is still higher than that from upland rice. Through the credit for maize contract farming, farmers can get one big cash advance from investors at the beginning of the growing season. It is, therefore, reasonable for farmers to choose planting maize for income over rice for food as they can spend their income from maize on buying rice and other assets as well. Village heads, as key informants, and 58% (38 of 65) of household respondents from the household survey in 8 sample villages in the south mentioned that many farmers in their villages built concrete houses, bought vehicles, and purchased televisions and furniture in the first three years of growing maize. Credit provided to farmers by contract farming constitutes another reason for farmers to grow maize. The success of neighbors who improved their income and overall wellbeing already after the first year of cultivating maize also persuades farmers to adopt maize.

Another supporting factor for increasing the area of cash crop cultivation is the availability of agricultural land. The greater availability of agricultural land in the southern districts, as shown in [Table 2](#pone.0209166.t002){ref-type="table"}, is generally due to the larger amount of level terrain that can be allocated for cultivation. This, in combination with the fact that farmers of the southern districts generally own larger tracts of land as shown in [Table 3](#pone.0209166.t003){ref-type="table"} can be an explanation why they are potentially able to allocate a larger share of their land for cash crop cultivation. Spearman's Correlation analysis on data at the household level also confirms larger land possession for southern households and its significant correlation with cash crop cultivation at the value of 0.952 with 0.01 significant level.

Maize accounted for 57% of the total agriculture area followed by paddy rice and upland rice at 23% and 10% respectively in 2008. Excluding rice which we consider as a food crop, maize dominated the total cash crop area at 85%. There is, however, a significant geographical difference. In the major northern districts (Xayaburi and Phiang) maize was planted over a smaller area than rice. It accounted for only around 30% of the total agricultural area but had a high share, at 80%, of the total cash crop area. On the other hand, maize was extremely dominant in major southern districts (Paklai and Kentao) at around 75% of the total agricultural area and 96% of total cash crop area.

Nevertheless maize production has slightly diminished after 2008. In 2011, the share of maize was down to 52% of the total agricultural area or 75% of the total cash crop area. Job's tear, on the other hand, became the second most important cash crop of the region with 8% of the total agricultural area. In the major northern districts, the area under maize was down to 20--30% of the total agricultural area while Job's tear rose to 10--20% of the total agricultural area. Meanwhile, in major southern districts, maize was down to around 70% of total agricultural area. On the other hand, Job's tear and cassava had each increased in share to around 5% of the total agricultural area or 7% of total cash crop area. The increase in Job's tear and cassava area means that both crops have taken over some of the share from maize. This shift was analyzed through key informant interviews and the household survey. The major push factor for this shift is a set of problems that affected the maize trade. The low selling price of maize in the north, due to limited access to the maize market, greatly affected northern farmers especially when prices fells in 2008. After that, many farmers in the north did not continue maize farming and attempted to find alternative crops. The expansion of the Job's tear market, due to increasing demand from China and the establishment of processing factories in some major districts, are the pull factors that turned Job's tear into an alternative for farmers.

Comparison of income and rice production along a gradient of market accessibility {#sec006}
---------------------------------------------------------------------------------

The expansion of cash crop cultivation resulting from improved market accessibility in the south has strong effects on basic wellbeing. Tables [4](#pone.0209166.t004){ref-type="table"} and [5](#pone.0209166.t005){ref-type="table"} show that average income from cash crops and average total income are much higher in the southern districts as compared to the north (unit of income for [Table 4](#pone.0209166.t004){ref-type="table"} is per person and for [Table 5](#pone.0209166.t005){ref-type="table"} is per household). The data from our household survey in [Table 5](#pone.0209166.t005){ref-type="table"} show that average income from cash crops is more than twice as high in the south than in the north. Although northern households earn higher non-agricultural income than southern households, this type of income is much less than cash crop income of southern households, resulting in the lower total income for northern households.

The correlation analysis of both village and household level data provides further evidence of the contribution of cash crop cultivation to income. The Pearson's Correlation Analysis on village level, shown in [Table 6](#pone.0209166.t006){ref-type="table"}, indicates the strong relationship between percentage of cash crop area in total land area and agricultural income as well as total income. The Spearman's Correlation Analysis on household level, shown in [Table 7](#pone.0209166.t007){ref-type="table"}, also indicates that the larger a household's cash crop area, the higher its income as well as its wealth (the status of household wealth was quantified into 5 marks from 1 \[lowest wealth\] to 5\[highest wealth\] based on village authorities and researcher's observation).

10.1371/journal.pone.0209166.t006

###### The correlation between cash crop area and income and rice production at the village level.

![](pone.0209166.t006){#pone.0209166.t006g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variables            Agricultural Income                              Total income                                     Rice production
  -------------------- ------------------------------------------------ ------------------------------------------------ ----------------------------------------------
  \% Cash crop area\   0.444 [\*\*](#t006fn002){ref-type="table-fn"}\   0.393 [\*\*](#t006fn002){ref-type="table-fn"}\   0.116 [\*](#t006fn003){ref-type="table-fn"}\
  (sig.)               0.000                                            0.000                                            0.043

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------

Note

\*\* Correlation is significant at the 0.01 level

\* Correlation is significant at the 0.05 level

10.1371/journal.pone.0209166.t007

###### The correlation between cash crop area and income and rice production at the household level.

![](pone.0209166.t007){#pone.0209166.t007g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variables            Agri. income                                     Total income                                     Wealth                                           Rice production
  -------------------- ------------------------------------------------ ------------------------------------------------ ------------------------------------------------ ---------------------------------------------------
  Cash crop area\      0.746 [\*\*](#t007fn002){ref-type="table-fn"}\   0.557 [\*\*](#t007fn002){ref-type="table-fn"}\   0.418 [\*\*](#t007fn002){ref-type="table-fn"}\   0.289 [\*\*](#t007fn002){ref-type="table-fn"}\
  (sig.)               0.000                                            0.000                                            0.000                                            0.001

  \% Cash crop area\   0.549 [\*\*](#t007fn002){ref-type="table-fn"}\   0.299 [\*\*](#t007fn002){ref-type="table-fn"}\   0.108\                                           \- 0.191 [\*\*](#t007fn002){ref-type="table-fn"}\
  (sig.)               0.000                                            0.001                                            0.239                                            0.036
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Note

\*\* Correlation is significant at the 0.01 level

\* Correlation is significant at the 0.05 level

(-) Inverse relationship

However, unlike absolute cash crop area, percentage of cash crop area, at the household level, though significantly related to income, is not significantly related to wealth. Therefore, households with a high percentage of cash crop area are not necessarily rich or wealthy, especially those households whose cash crop area is less than 2 ha. On the other hand, households who manage a cash crop area of more than 3 ha have at least a medium level of wealth.

Most of the southern districts, except for Paklai, appear to have higher rice production per person than northern districts despite lower total rice production (see [Table 4](#pone.0209166.t004){ref-type="table"}). The reason for higher rice production of southern farmers is the larger paddy area per household as compared to the north (see [Table 2](#pone.0209166.t002){ref-type="table"}). The survey at household level, nevertheless, produced the contradictory result that northern households produce a slightly higher amount of rice than southern households (see [Table 5](#pone.0209166.t005){ref-type="table"} \[unit for rice production is per household\]). Households in both subregions own similar amounts of paddy area but the fact that northern household dedicate a larger amount of land to upland rice cultivation (see [Table 3](#pone.0209166.t003){ref-type="table"}) could be a reason for their altogether higher rice production. The difference between district and household level data can be due to the fact that district data is from 2008 while the household survey was conducted in 2012 when farmers in the south possibly allocated more land for cash crops than for rice.

The Spearman's Correlation Analysis reveals that households' total cash crop area significantly correlates with rice production while the share of cash crop area in total land area has an inverse relationship with rice production (see [Table 7](#pone.0209166.t007){ref-type="table"}). On the other hand, the Pearson's Correlation Analysis at village level found only a minor significant relationship between the share of cash crop area in total agricultural village land and rice production (see [Table 6](#pone.0209166.t006){ref-type="table"}). The inverse or moderately positive relationship between the share of cash crop area in total land area and rice production can be explained by the fact that some households with higher share of cash crop area use less area for rice, particularly households with small agricultural land so that they have lower rice production.

In contrast, a relative larger cash crop area does not necessarily imply a relative lower area for rice cultivation for a household. The cross tabulation analysis between cash crop area and rice production based on the data from household survey shows that most households owning a relative larger cash crop area also own a relative larger paddy area and produce a greater amount of rice (see [Table 8](#pone.0209166.t008){ref-type="table"}). The cross tabulation analysis between agricultural area and rice production based on the data from household survey shows a similar trend (see [Table 9](#pone.0209166.t009){ref-type="table"}). In other words, farmers tend to use part of their land for rice and the rest for cash crop cultivation. Therefore, it can be concluded that whether farmers use part of their land for rice and part for cash crops depends on the size of their landholding. Farmers with small landholdings of less than 2 ha tend to grow rice on most of their agricultural land.

10.1371/journal.pone.0209166.t008

###### Cross tabulation analysis between cash crop area and rice production at the household level.

![](pone.0209166.t008){#pone.0209166.t008g}

  Cash crop area (ha)   Rice production (tons / year)                                       
  --------------------- ------------------------------- -------- -------- -------- -------- ---------
  \< 1.0                12                              13       1        3        6        **35**
  1.0--1.9              2                               6        8        0        6        **22**
  2.0--2.9              3                               3        8        3        2        **19**
  3.0--3.9              3                               7        3        2        3        **18**
  4.0--4.9              2                               2        1        3        3        **11**
  \> 5.0                1                               2        1        0        12       **16**
  **Total**             **23**                          **33**   **22**   **11**   **32**   **121**

10.1371/journal.pone.0209166.t009

###### Cross tabulation analysis between agricultural area and rice production at the household level.

![](pone.0209166.t009){#pone.0209166.t009g}

  Agricultural area (ha)   Rice production (tons / year)                                       
  ------------------------ ------------------------------- -------- -------- -------- -------- ---------
  \< 1.0                   7                               5        0        0        1        **13**
  1.0--1.9                 6                               10       2        3        5        **26**
  2.0--2.9                 4                               7        9        1        3        **24**
  3.0--3.9                 3                               2        3        3        5        **16**
  4.0--4.9                 2                               6        4        2        1        **15**
  \> 5.0                   1                               3        4        2        17       **27**
  **Total**                **23**                          **33**   **22**   **11**   **32**   **121**

However, [Table 9](#pone.0209166.t009){ref-type="table"} shows that several households do not follow this trend. Thirty percent of households (13 of 43), the majority of them in the north (10 of 13), produce over 3 tons of rice per year but have less than 3 ha of total agricultural land or, in other words, their rice production is higher on a relatively smaller amount of land. On the other hand, 29% of households (12 of 42), the majority of them in the south (8 of 12), own over 4 ha of total agricultural land but produce less than 2 tons of rice per year, i.e. their rice production is lower on a larger land area.

Northern households with, on average, a smaller amount of agricultural land available to them, use a larger amount of their land holding for rice and the remaining land for cash crops. On the other hand, southern households that own larger land areas can use part of the land for rice and still have more land left over than a household in the north to use for cash crops. Adding better level of market accessibility, southern households can earn a much higher income from cash crops due to both higher production and higher selling price than northern households and can still keep a good level of food security. In some cases, households in the south focus on cash crops only and spend their income to buy food. The results thus indicate that in general households in the north focus on rice production while households in the south focus on generating income from cash crops.

Regarding rice sufficiency, the household survey has revealed that most farmers keep rice which they produce primarily for their own consumption and sell the surplus for income only when they can fully satisfy their domestic consumption needs. Rice sufficiency, in this study, can therefore be equated with rice production per household. The results thus indicate that households in southern districts maintain a sufficient level of rice production as well as earn more income from cash crops to buy food, contributing to their basic wellbeing, while households in northern districts earn a much lower income than households in the south, resulting in a lower level of their basic wellbeing.

Government data of poverty incidence, determined by percentage of poor villages and households, reveal a similar trend of wellbeing in the study area. The Government's standard of poor households is determined through semi-quantitative indicators as not having enough food, adequate clothing, permanent housing or access to health, education or transportation services. Government data show that poverty incidence is more severe in northern districts (see [Table 4](#pone.0209166.t004){ref-type="table"}).

In general, the southern districts of Xayaburi, characterized by better market accessibility, availability of more arable land and more land under cash crop cultivation, have a higher level of basic wellbeing than the northern districts as indicated by higher relative income, lower poverty and higher rice production. This suggests that local people in the south can achieve both income generation and rice sufficiency to improve their basic wellbeing. It also suggests that the ability of households to earn a good income through cash crop cultivation is not necessarily at the cost of rice sufficiency. Spearman's correlation analysis at the household level confirms the strong positive relationship between income and rice production.

Discussion {#sec007}
==========

The higher level of market accessibility in the southern part of Xayaburi is due to many factors. Cash crop production in Laos is heavily influenced by the demand of neighboring countries like Thailand, China, and Vietnam \[[@pone.0209166.ref013],[@pone.0209166.ref016],[@pone.0209166.ref018]\]. Southern Xayaburi has advantages of market accessibility due to its proximity to Thailand. The great number of important border crossings facilitates market access across the border. The relatively high selling price of maize in the south in combination with the lowest transportation cost at the shortest distance to market (demand source) leads to the best selling price for local produce as argued by Petron et al \[[@pone.0209166.ref053]\] and Rodrigue \[[@pone.0209166.ref054]\]. Bonnin \[[@pone.0209166.ref055]\] identified four major factors for greater market prevalence and accessibility which includes cross-border trade, physical terrain, road development, and consumer groups. All of these factors are prominent in southern Xayaburi. Access to markets across the border, better road conditions, and a larger amount of level terrain support a higher amount of products, services and traders, and more money value in the southern districts than in the north. All of these factors lead to better market infrastructure and more market availability in the forms of traders, marketplaces, commodities, and information; altogether resulting in a higher market accessibility in the south.

Agrarian change as we can observe in the study area consists of the transformation of subsistence agriculture to commercial agriculture with a strong focus on crop monocultures, especially maize. The main driver of this transformation, together with improving access to agricultural markets, is the demand across the border in the markets of Thailand for maize and in markets of China for other crops such as job's tear and cassava. This resonates with the observation by Akram-Lodhi and Kay \[[@pone.0209166.ref020]\] already mentioned above concerning the emphasis on the promotion of an agricultural export-led strategy as the principal means of enhancing rural accumulation. In order to serve these cross-boundary markets, the Lao government supports export-oriented agricultural commercialization by opening border crossings, infrastructure development, and land use policies. Similar developments can be observed within the Mekong region in SW China, where the government promotes rubber monocultures as a means of eradicating poverty \[[@pone.0209166.ref056]\].

The main intrinsic driving factor of agrarian change as manifested in the study area is the desire of farmers for higher incomes as confirmed by the results of our research. The results show that many households built better houses and bought assets such as vehicles or television sets within 3 years after they started growing maize. Broegaard et al \[[@pone.0209166.ref057]\] found similar evidence in Huaphan, northern Laos, that farmers spent their income from maize cultivation on household assets or invested in their children's education. Contract farming provides market opportunities and other incentives for farmers to focus on cash crop cultivation. Improved market access leads to the transformation from a subsistence economy to a market-oriented economy, especially by intensifying cash crop cultivation. Evidence for this transformation in the southern districts includes the higher absolute cash crop area and higher share of cash crop area out of the total agricultural area as well as by the higher percentage of cash crop farmers. Messerli et al \[[@pone.0209166.ref051]\] reviewed a large number of studies from Laos and found a trend of increasing area of paddy and permanent farmland in areas of high accessibility. The increasing portion of agricultural land under cash crop cultivation shows that farmers alter their farming practices to adapt to emerging market opportunities, as argued by a number of studies \[[@pone.0209166.ref017],[@pone.0209166.ref018],[@pone.0209166.ref058],[@pone.0209166.ref059]\]. As asserted by Mertz et al \[[@pone.0209166.ref060]\], market opportunities following infrastructure improvement can act as pull factors for farmers to change from traditional upland rice to permanent agriculture. This has been observed in many areas of Southeast Asia \[[@pone.0209166.ref010]\] as well as in India and Africa \[[@pone.0209166.ref035]\]. The difference between households in the northern and southern parts of Xayaburi with respect to the share of cash crop area reflects that farmers respond differently to changing market situations depending on their access to markets, knowledge, information, labor, natural resources and social status as argued by Douxchamps et al \[[@pone.0209166.ref008]\], Ellis \[[@pone.0209166.ref044]\] and Wiesmann \[[@pone.0209166.ref052]\].

Cash crop cultivation allows farmers to earn higher incomes especially in southern Xayaburi, while maintaining a level of rice sufficiency that is still much higher than the Lao National rice security standard. Income from cash crops constitutes a higher share than incomes from other sources in the total income of southern farmers. The Government's goal of improving living standards through market accessibility and cash crop cultivation \[[@pone.0209166.ref006],[@pone.0209166.ref014],[@pone.0209166.ref032],[@pone.0209166.ref061]\] thus is achieved in southern Xayaburi. Through the combination of the two, farmers in the south experience higher standards of basic wellbeing than farmers in the north who rely more strongly on subsistence agriculture. Similar to the case of northern Xayaburi, farmers in areas with low market accessibility in Romania \[[@pone.0209166.ref005]\] and India \[[@pone.0209166.ref019]\] produced more food, but had a low income and a lower level of basic wellbeing.

There is a concern that replacement of food crop production by cash crop cultivation due to improved market accessibility may result in food insecurity when market failures reduce incomes and the ability to buy food. This has been proven to constitute a serious concern through many case studies in developing countries such as Guatemala \[[@pone.0209166.ref038]\], Tanzania \[[@pone.0209166.ref047]\], Nigeria and South Africa \[[@pone.0209166.ref030]\], Mozambique \[[@pone.0209166.ref046]\], the Meghalaya plateau in India \[[@pone.0209166.ref027]\] and also in Laos \[[@pone.0209166.ref062]\]. Broegaard et al \[[@pone.0209166.ref057]\] found that the shift towards maize cultivation in Laos created pressure on land and diminished the share of wild food in daily diets and thus the quality of nutrition. With respect to staple crops, the situation is different in Xayaburi, where cash crop cultivation has not replaced rice production. Households in the south of Xayaburi grow just enough rice for household-consumption, which is typically around 1--2 ha, and devote the rest of their land to cash crops. The strategy to keep a part of land for rice to meet household minimum demand is a key to alleviating the risks of rice insufficiency that may result from cash crop failure and market uncertainties. Rice insufficiency, in the sense of not enough rice being available for household consumption, can become a problem of farmers who grow only a cash crop when the crop is damage by disaster or when the price of the crop goes down, so that farmers do not have enough money to buy rice. This strategy fits the multi-faceted strategies proposed by Wiesman \[[@pone.0209166.ref052]\] and matches suggestions from Immink and Alarcon \[[@pone.0209166.ref038]\], Hazra \[[@pone.0209166.ref028]\] and Porter and Howard \[[@pone.0209166.ref030]\] of balancing food crops and cash crops by increasing productivity for food crops and lowering the risks from cash crop production and marketing. The same strategy was also observed in many other areas in Southeast Asia \[[@pone.0209166.ref010]\].

The strategy of combining cash cropping with a minimum of food production to meet domestic demand is more effective when the household owns a sufficiently large amount of land as is the case in southern Xayaburi. Higher availability of agricultural land thus is a critical factor for supporting farmers in capitalizing on market opportunities and expanding cash crop cultivation. In the same way, some studies \[[@pone.0209166.ref019],[@pone.0209166.ref063]\] argue that small land size is a major limitation preventing poor farmers from crop diversification or achieving income generation from cash crop cultivation. To reduce the limitations imposed by the availability of land, Douxchamp et al \[[@pone.0209166.ref008]\] and Mabiso et al \[[@pone.0209166.ref046]\] suggest intensification as a means for increasing productivity. The correlation analysis showing that larger areas of cash crops strongly correlate with good basic wellbeing confirms the importance of land availability. The correlation analysis also shows that larger area of cash crops is a stronger factor than higher rice production in influencing basic wellbeing positively. The greater amount of land suitable for cultivation in the south is to some extent due to a larger proportion of level terrain, as compared to the north. Geographical conditions thus provide farmers in southern Xayaburi with an advantage that contributes to the improvement of their basic wellbeing.

Another major concern in the context of agrarian transformation to commercial cash cropping is vulnerability to market inadequacies and uncertainties, in other words, that cash crop specialization may increase the danger of income loss from crop failure, price fluctuation, inefficient market institutions and exploitation from buyers \[[@pone.0209166.ref010],[@pone.0209166.ref030],[@pone.0209166.ref038],[@pone.0209166.ref044]\]. Income loss and decreased food production caused by the agrarian transformation can result in food insecurity and lower level of wellbeing \[[@pone.0209166.ref029],[@pone.0209166.ref046]\]. Many studies found that reduction of income from cash crop cultivation is mainly due to the lack of well-functioning markets and to low market accessibility \[[@pone.0209166.ref017],[@pone.0209166.ref027],[@pone.0209166.ref047]\]. This is the case in the north of Xayaburi, where accessibility to maize markets is relatively lower than in the south resulting in lower selling price and lower incomes of farmers which make them susceptible to price fluctuations. For this reason, many northern farmers have abandoned maize and turned to other crops or back to upland rice after the drop in prices for maize in 2008. The same drop of price for maize in 2008 caused many farmers in Huaphan, northeastern Laos, to change their crop from maize back to upland rice \[[@pone.0209166.ref064]\]. Similarly the drop of rubber prices in 2011 caused many farmers in Luang Namtha, northern Lao and Xishuangbanna, in the southern part of Yunnan Province, China \[[@pone.0209166.ref065]\] to change their cash crop to banana.

Although price fluctuations are a feature also in the southern districts of Xayaburi, farmers there are still able to make a profit as the selling price is comparatively higher than in the north due to better market access. This reflects that the vulnerability of farmers engaging in cash crop agriculture can be mitigated through good market accessibility, in other words, market accessibility is another key to achieve cash crop cultivation and improved basic wellbeing of farmers \[[@pone.0209166.ref008],[@pone.0209166.ref010],[@pone.0209166.ref027],[@pone.0209166.ref047]\]. Messerli et al \[[@pone.0209166.ref051]\] confirm that accessibility is the key to poverty alleviation and to better rural wellbeing. Though improved market accessibility may lead to lower rice production, the impact is not so significant when farmers still grow rice to meet their minimum consumption needs, and when the income from cash crops, enhanced by improved market accessibility, can compensate for losses from rice production. Market accessibility can be improved not only by infrastructure improvement but also through selection of crops that have marketing potential in a specific area. For instance, farmers in the northern districts of Xayaburi have recently started to grow Job's tear in response to demand by Chinese traders and the establishment of Chinese Job's tear factories. In this way, Job's tear has emerged as an alternative crop to maize. Job's tear also requires less investment than maize, thus allowing farmers easier access to Job's tear commercial markets. The replacement of rubber by banana in Xishuanbanna and Luang Namtha \[[@pone.0209166.ref065]\] also suggests the contribution of crop selection strategy to farmer's market accessibility.

The case of Xayaburi has demonstrated that three factors: availability of land, good market accessibility and the strategy to keep a part of land for rice to meet household minimum demand, are instrumental for farmers in southern Xayaburi to achieve higher income through market-based agriculture without facing the problem of rice insufficiency. These three key factors are interrelated and can support one another or compensate for one another when one of them faces limitations. Larger amount of agricultural land makes it easier for farmers to respond to market opportunities by increasing the cash crop component in their farming strategy while accessibility improvement increases these opportunities. The strategy to keep a portion of land for rice to meet a household's minimum demand for rice, lessens the risks of rice insufficiency. This finding matches the argument by Douxchamps et al \[[@pone.0209166.ref008]\] and Turner et al \[[@pone.0209166.ref017]\] that wellbeing is determined by market accessibility, land possession and economic diversification.

Among the three factors, the strategy of farmers to keep a portion of land for rice to maintain rice sufficiency is probably the most critical. The case of Huaphan in northeastern Lao where maize was grown in monocultures shows that though farmers were able to raise their income and improve their basic wellbeing initially, they faced the problem of profit loss and rice shortage when the price of maize came down \[[@pone.0209166.ref064]\]. In the case of Xishuanbanna and Luang Namtha \[[@pone.0209166.ref065],[@pone.0209166.ref066]\] where rubber has been monocropped, farmers faced similar problems due to a drop of rubber prices in 2011. Therefore farmers with good market access and sufficient agricultural land can still face the issue of income loss or rice insufficiency if they pursue the strategy of cash crop monoculture. The reasons why farmers in Xayaburi keep part of their land for rice are difficult to ascertain and require more research. They may include that rice can be both food and cash crop, but also that rice can be grown in different environments even in the steep hill or mountain areas that are less suitable for certain cash crops \[[@pone.0209166.ref067]\]. The cultural values of rice can also play a role, especially in Laos, where rice is consumed not only because of its nutritional but also because of its spiritual value \[[@pone.0209166.ref068]\].

Conclusion {#sec008}
==========

The southern part of Xayaburi Province has a higher level of market accessibility than the north due to several factors, including better transportation infrastructure, greater amount of level terrain, more border crossings, and greater proximity to demand sources. The northern part of Xayaburi Province, despite the fact that the provincial capital is located there, cannot provide the same level of market functions mainly because of its distance from demand sources. Greater or improved market accessibility especially in the south has led to the expansion of cash crop cultivation and the shift to market-based agriculture. Cash crops particularly maize have become popular and to some extent have replaced rice, the traditional food crop.

In general, we found that farmers in the southern districts of Xayaburi were able to improve their basic wellbeing through generating more income while retaining their ability to secure rice production above the country's standard line. On the other hand, farmers in the northern districts of Xayaburi, where market accessibility is lower and availability of arable land is more limited, generally maintain a higher level of subsistence agriculture, but cannot generate enough profit through cash crop cultivation to considerably improve their basic wellbeing. Some of them lose money due to fluctuations of the maize price while others face problems of rice insufficiency regardless of whether they practice more traditional subsistence production or intensified cash crop cultivation.

We identified three key factors for farmers in the south which are keys to overcoming the concerns of rice insufficiency and market uncertainties and to improving their basic wellbeing: availability of land, good market accessibility and the strategy of retaining a part of their land for rice cultivation in order to meet minimum household consumption needs. As most agriculture dependent countries are undergoing similar pathways of agrarian transformation, these key factors can be applied to a wider geographical area to improve farmers' basic wellbeing. Governments and farmers can improve these factors through various means or strategies. Governments can improve market accessibility through investment in market infrastructure development while farmers can enhance their market access through crop selection strategies that fit the market potential of the area. Governments can enhance availability of agricultural land through change in land allocation policy while farmers can enhance productivity of their land through intensification strategies. Governments should encourage or provide incentives for farmers to produce enough food or to maintain this strategy where it is already in place such as in southern Xayaburi. Those key factors should be encouraged in development policy and planning to achieve wellbeing improvements for rural farmers through market-based agriculture channels.
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This file contains tables providing statistical data derived from government documents (MAF, Xayaburi PAFO and DAFOs) regarding land use change in Xayaburi province and the study area.

(DOCX)

###### 

Click here for additional data file.

###### Data from household survey.

This excel file contains raw data of the household survey regarding personal, agricultural and market data of 121 household samples from 15 different villages in the study area.

(XLS)

###### 

Click here for additional data file.

###### Selection of sample villages for the household survey.

The file explains the criteria for selecting sample villages for the household survey. It also contains a table that reveals the different characteristics of sample villages along the criteria and a figure that illustrates the locations of sample villages.

(DOCX)

###### 

Click here for additional data file.
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